Strains currently classified as Streptococcus anginosus include strains previously identified as
The species Streptococcus anginosus (1) as currently recommended by Coykendall et al. (5) includes streptococcal strains that have been referred to previously as the "minute-colony-forming streptococci of Lancefield groups F and G" (2, 21), "Streptococcus MG" (24) , "Streptococcus milleri" (15), the "Streptococcus milleri group" (14, 16), Streptococcus constellatus (17), Streptococcus intermedius (17), " and " . These strains have been isolated from mouths, nasopharynges, gastrointestinal tracts, and vaginas and are of clinical significance because of their association with pyogenic infections involving the central nervous system, chest, or abdomen (14, 28) .
The taxonomy and nomenclature of the streptococci currently classified as S . anginosus have long been a source of disagreement and confusion. Colman and Williams (3) grouped the strains previously called "Streptococcus MG" (24) , the minute-colony-forming streptococci of Lancefield groups F and G (2, 21) , and the hemolytic and nonhemolytic streptococci possessing the type antigens of Lancefield group F (26) into " S . milleri" because these organisms closely resemble the nonhemolytic streptococci isolated from oral abscesses and originally given that name by Guthof (15). However, Facklam also noted a high degree of similarity among "Streptococcus MG" (24) , S . intermedius (17), and S . constellatus (17) and divided these nonhemolytic streptococci into lactose-fermenting strains, which he called "S. MG-intermedius", and strains that do not ferment lactose, which he named "S. anginosus-constellatus" (9). Subsequently, Facklam suggested that similar beta-hemolytic strains, irrespective of their Lancefield group reaction, should be called S. anginosus, with the nonhemolytic strains' divided into S. intermedius (lactose fermenting) and S. constellatus (lactose nonfermenting) (10).
Several studies of these streptococci have produced con-* Corresponding author.
flicting results, with some workers reporting a high degree of overall phenotypic similarity (12, 20, 22, 23) and other workers demonstrating heterogeneity on the basis of fermentation patterns (27, 29), antigenic compositions (3, 21, 26, 34) , long-chain fatty acid compositions (4, 6), the results of multilocus enzyme electrophoresis (13), and DNA base compositions (guanine-plus-cytosine contents) (7). DNA-DNA hybridization studies have also yielded conflicting data; some workers have concluded that these strains form a single DNA homology group representing a single species (5, 8, 11, 31) , while other workers have identified several groups (18, 19) . However, it has been acknowledged that the different conclusions reached in some of these studies may have been caused by inherent variations in the experimental hybridization stringencies used ( 5 , 19). In addition, the preselection (in some cases) of strains on the basis of hemolytic reaction and the ability to produce acid from lactose (8, 19) has prevented both full comparisons between studies and taxonomic conclusions regarding this group of streptococci as a whole. As a result of a study involving DNA-DNA hybridization and phenotypic tests, Coykendall et al. (5) reclassified strains of S. constellatus, S. intermedius and " S . rnilleri" as a single species, for which they proposed the name S. anginosus on the basis that the former names were later synonyms of the latter. However, these authors speculated that the type strain of S. intermedius (strain ATCC 27335) may represent a separate species after they observed relatively low levels of DNA homology in experiments involving this strain.
A recent genetic analysis of strains currently classified as S . anginosus revealed three DNA homology groups with, in most cases, 69% or more DNA relatedness shared by the strains within a group. The three DNA homology groups observed were designated groups 1, 2, and 3 and contained the type strains of S. constellatus (strain NCDO 2226), S. intermedius (strain NCDO 2227), and S. anginosus (strain NCTC 10713), respectively (Table 1) (33) . Two strains in the S. anginosus homology group (urine isolate KR 455 and throat isolate ATCC 9895 [ Table 21 ) exhibited 62 and 54% DNA homology, respectively, with the type strain of S . anginosus at the optimum hybridization temperature and 61 and 51% DNA homology, respectively, at the stringent temperature. Similar results were obtained by Knight and Shlaes (19) with strain ATCC 9895. These strains warrant further examination. The lack of reciprocity observed in the levels of DNA homology between S . intermedius and S . constellatus strains when hybridization was carried out under optimum (relaxed) conditions was not observed when hybridization was carried out under stringent conditions (Table 1 ). This indicated that the relatively high levels of binding between 'H-labeled DNA from S . intermedius NCDO 2227T (T = type strain) and DNAs from strains of S . constellatus (average level of DNA homology, 65%) were likely to have been due to the presence of mismatched hybrids allowed to form only under optimum conditions. This was possibly due to the condition of the labeled DNA although the DNA from strain NCDO 2227T was pure as measured by spectrophotometry and agarose gel electrophoresis.
In addition to DNA homology data, DNA-homologygroup-specific polypeptide patterns at molecular weights of 25.5 x lo' to 34.0 x lo' were revealed by sodium dodecyl sulfate-polyacrylamide gel electrophoresis. (32) .
In this paper we consider the phenotypic differentiation of S . constellatus, S. intermedius, and S . anginosus (32, 33) together with DNA-DNA hybridization data (18, 33) and propose emended descriptions and reinstatement of these taxa as three distinct species.
MATERIALS AND METHODS
Bacterial strains. The 157 strains which we studied are listed in Table 2 together with their clinical and laboratory sources. All strains were stored frozen on glass beads at -70°C and as freeze-dried stored cultures. Routine subculturing was performed on Columbia agar (GIBCO Ltd., Paisley, Scotland) containing 5% (vol/vol) defibrinated horse blood with incubation at 37°C in a 20% H,-lO% co,-70% N, atmosphere.
Biochemical tests and cluster analysis. All biochemical testing was carried out as previously described (32) , and cluster analysis was performed by using the average-linkagebetween-groups method in the SPSS package of statistical programs (25) .
RESULTS AND DISCUSSION
As described previously, cluster analysis of the phenotypic data demonstrated the presence of three distinct clusters (phena) (32) ; each cluster contained strains from only one DNA homology group. The distinguishing characteristics of the strains in each cluster are shown in Table 3 .
Therefore, we believe that S . constellatus, S . intermedius, and S. anginosus each deserve separate species status. The descriptions below are based on data previously published (32, 33) .
Emended description of Streptococcus constellatus. Strep tococcus constellatus (Prevot 1924) Holdeman and Moore 1974 (emend.) . Small (diameter 0.5 to 1.0 Fm), gram-positive, nonsporeforming, nonmotile cocci in short chains. Catalase negative. Colonies on blood agar are 0.5 to 2.0 mm in diameter, white or translucent, convex, and entire; some strains produce colonies that are 0.5 to 1.0 mm in diameter, white, and matte. Growth is reduced under aerobic conditions and is frequently enhanced by the addition of CO,. Some strains require anaerobic conditions for growth. Acetoin is produced. Arginine and esculin are hydrolyzed, but urea is not. Hippurate is not split. Alkaline phosphatase and leucine arylamidase are produced by all strains. Most strains produce a-glucosidase, very few produce P-galactosidase, and P-glucosidase. p-D-fucosidase , a-galactosidase , P-glucuronidase , P-N-acetylglucosaminidase , p yrrolidon ylarylamidase, and sialidase are not produced. Acid is produced from glucose and frequently is produced from salicin and trehalose. Lactose fermentation and amygdalin fermentation are variable characteristics of this species. A few strains produce acid from cellobiose, mannitol, melibiose, and raffinose. Arabinose, glycerol, inulin, and sorbitol are not fermented. Few strains produce hydrogen peroxide. Most strains produce hyaluronidase. Strains are frequently both hemolytic (beta) and members of Lancefield group F or are nonhemolytic (alpha or gamma) and serologically ungroupable. A few strains react with Lancefield group A and C antisera. Habitats are oral cavities and upper respiratory tracts. Strains are isolated from human purulent infections, including appendicitis. The DNA base composition is 37 to 38 mol% guanine plus cytosine. The type strain is strain NCDO 2226 (= ATCC 27823). Prevot 1925 (emend.) . Small (diameter 0.5 to 1.0 Fm), gram-positive, nonsporeforming, nonmotile cocci in short chains. Catalase negative. Colonies on blood agar are 0.5 to 2.0 mm in diameter, white or translucent, convex, and entire; some strains also produce colonies that are 0.5 to 1.0 mm in diameter, white, and matte. Growth is reduced under aerobic conditions and is frequently enhanced by the addition of CO,. Some strains require anaerobic conditions for growth. Acetoin is produced. Arginine and esculin are hydrolyzed, but urea is not. Hippurate is not split. Alkaline phosphatase , P-D-fucosidase , P-galactosidase, a-glucosidase, P-N-acetylgalactosaminidase, P-Nacetylglucosaminidase, leucine arylamidase, and sialidase are produced. The presence of P-glucosidase is a variable characteristic of this species. a-Galactosidase, P-glucuronidase, and pyrrolidonylarylamidase are not produced. All strains produce acid from glucose and trehalose, and virtually all strains produce acid from lactose. The majority of strains produce acid from amygdalin, cellobiose, and salicin, and a few produce acid from mannitol, melibiose, and raffinose. Arabinose, glycerol, inulin, and sorbitol are not fermented. Hydrogen peroxide is not produced. Virtually all strains produce hyaluronidase. The majority of strains are nonhemolytic (alpha or gamma), and virtually all strains are serologically ungroupable with Lancefield grouping sera. Habitats are oral cavities and upper respiratory tracts, and this species has been reported to occur in feces. Strains are isolated from human purulent infections, notably liver and brain abscesses-The DNA base ComPosition is 37 to 38 mol% guanine plus cytosine. The type strain is strain NCDO 2227 (= ATCC 27335).
Emended description of Streptococcus intermedius. Streptococcus intermedius
Emended description of Streptococcus anginosus. Strepto-COCCUS anginosus (Andrewes and Harder 1906) Smith and Sherman 1938 (emend.) . Small (diameter, 0.5 to 1.0 km), gram-positive, nonsporeforming, nonmotile cocci in short chains. Catalase negative. Colonies on blood agar are 0.5 to 2.0 mm in diameter, white or translucent, convex, and entire; some strains produce colonies that are 0.5 to 1.0 mm in diameter, white, and matte. Growth is reduced under aerobic conditions and is frequently enhanced by the addi- 100 (100) 100 (100) 100 (100) 100 (100) 100 (100) 47 ( " The values are the percentages of strains that were positive, while the values in parentheses are the percentages of DNA homology group strains (33) that were positive. The reaction of the type strain differs from that of the majority of the strains tested.
hydrolyzed, but urea is not. Hippurate is not split. Alkaline phosphatase and leucine arylamidase are produced by all strains, and P-glucosidase is produced by virtually all strains, a-Galactosidase and a-glucosidase are sometimes produced. Strains do not produce P-D-fucosidase, P-galactosidase, P-glucuronidase, P-N-acetylglucosaminidase, pyrrolidonylaminidase, or sialidase. Acid is produced from amygdalin and glucose and is frequently produced from cellobiose, lactose, salicin, and trehalose. The majority of strains within the " S . mifleri group'' that ferment mannitol, melibiose, and raffinose belong to this species, although only a small percentage of the strains that we have tested ferment these substrates. Arabinose, glycerol, inulin, and sorbitol are not fermented. Hydrogen peroxide is sometimes produced. Very few strains produce hyaluronidase. Most strains give partial hemolysis (alpha) or no hemolysis (gamma). The majority are either serologically ungroupable or belong to Lancefield group F although strains belonging to Lancefield groups A, C, and G are also present. Habitats include oral cavities, upper respiratory tracts and vaginas. Strains of this species are isolated from a variety of human
